Summary
A spontaneous outbreak of yersiniosis caused by Yersinia pseudotuberculosis serotype lIB occurred in a small indoor breeding colony of red-bellied tamarins (Saguinus labiatus) during the winter of 1981. Of 3S monkeys at risk 6 died of an acute or subacute infection over a period of 23 days. Clinical signs were anorexia, weakness, listlessness and depression. The disease was characterized by focal necrosis of the liver, spleen, mesenteric lymph nodes, ulcerative enteritis, and the presence of colonies of Gram-negative bacilli in the lesions. Y. pseudotuberculosis was isolated from the liver, spleen, mesenteric lymph nodes and kidney but not from the blood, lung or intestine. Contaminated food was believed to be the source of infection.
Yersinia (formerly Pasteurella) pseudotuberculosis, a member of the Enterobacteriaceae, is a Gramnegative coccobacillus closely related to 2 other pathogenic species of the genus Yersinia, Y. enterocolitica and Y. pestis, the latter being the cause of plague in rats and man. With the acceptance of the comparatively new generic name of Yersinia the term yersiniosis refers to infections caused by either Y. pseudotuberculosis or Y. enterocolitica (Hubbert, 1972; Mair, 1973; Obwolo, 1976) . Both species cause pseudotuberculosis in man and animals and produce similar clinical signs and pathological lesions. Y. pseudotuberculosis, a well known pathogen of guinea pigs, has been isolated in a variety of wild and domestic animal species throughout the world. Infections have been reported in birds, reptiles and many mammals including rodents, ruminants, carnivores, non-human primates and man. The literature has been reviewed by Hubbert (1972) and Obwolo (1976) . Epizootics of illness, often with high mortality, follow ingestion of foodstuffs contaminated by the faeces of reservoir host carriers. The disease is Received 28 February1983. Accepted 28 April 1983. characterized by ulcerative enteritis, necrotizing hepatitis, splenitis and lymphadenitis and the development of caseous nodules in lymph nodes and abdominal viscera, especially the liver and spleen (Carlton & Hunt, 1978) .
In non-human primates yersiniosis, caused by either Y. enteroco/itica or Y. pseudotuberculosis, has been reported in both Old and New World monkeys in indoor and outdoor colonies, especially in the United States and Europe. (Appleby, 1962; Mair, White, Schubert & Harbourne, 1970; McClure, Weaver & Kaufmann, 1971; Bronson, May & Ruebner, 1972; Hirai et al., 1974; Baggs et al., 1976; Poelma, Borst & Zwart, 1977; Rosenberg, Lerche & Henrickson, 1980; Chang, Wagner & Kornegay, 1980; Buhles, Vanderlip, Russell & Alexander, 1981) .
We report here for the first time the epizootiology, pathology and bacteriology of a spontaneous outbreak of yersiniosis caused by Y. pseudotuberculosis serotype lIB, in a colony of red-bellied tamarins (Saguinus labiatus) in the winter of 1981 in which 6 out of 35 monkeys died.
Materials and methods

Colony history and management
The colony was established in May 1976 at the National Institute for Medical Research. 7 pairs and I adult male S. labiatus were purchased from a commercial supplier to serve as a nucleus for a breeding colony for studies on hepatitis A virus. A further 3 pairs of wild-caught monkeys were obtained from the same source in March 1978. Subsequently a third intake of 9 tamarins was purchased in April 1981 from the Department of Zoology, University of Wales, Aberystwyth. 4 (2 pairs) had been obtained from Banham Zoo, Norfolk in July, 1979 and 5 (females) were their offspring which were born in captivity at Aberystwyth during 1979 and 1980.
The colony was housed in 2 adjacent rooms on the ground floor of a primate building. The temperature was maintained at 25-28°C and the rela-tive humidity at not less than 55%. The tamarins in this self-contained unit were separated from another species of monkey (Macaca fascicularis) by a closed, locked corridor door. Access to the exterior was through 4 doors and a cage wash room. Barrier procedures to minimize contamination of the colony with external pathogens included restriction of entry to authorized personnel only, the wearing of protective clothing (gown, boots, gloves) and provision of disinfectant (phenolic) foot baths outside each room.
Male-female pairs or families were kept in aluminium/steel cages, with perches and dirt-tray, in either I cage (107 x 76 X 86 cm) or in 2 cages (76 X 51 X 51 cm) joined together by a flexible ducting tunnel. The cages were arranged in 2 tiers along opposing walls and were supported by tubular scaffolding suspended from the ceiling. The cages, perches and nest boxes were washed and disinfected with an ampholytic agent ('Tego': T. H. Goldshmidt Ltd., Initial House, 150 Field End Rd., Eastcote, Middlesex) when dirty or after removal of the occupants. The floor grids were cleaned a~d disinfected daily. The sawdust in the dirt-trays was replaced 3 times a week.
Monkeys received primate pellets (26% protein: Mazuri, BP Nutrition (UK) Ltd, Stepfield, Witham, Essex) from a hopper or food tray and water (in bottles) ad libitum. Twice a week each adult monkey was given 50 g chopped, mixed fresh fruit and vegetables (banana, grape, apple, orange, lettuce, carrot, pear) with added hard-boiled egg, vitamin 03/g1ucose mixture and powdered lamb milk replacer in glazed earthen ware dishes. The diet was further supplemented by the occasional feeding of strips of marmoset jelly (high protein, high energy food) through the cage wiremesh and by adding to the water once a week as vitamin/ mineral syrup.
Histopathology
All animals which died were necropsied. Tissues were fixed in buffered 10% formalin, embedded in paraffin-wax, sectioned at 5 J.1m, and stained with haematoxylin and eosin or Giemsa. Additional staining of tissues with Ziehl-Neelsen, Gram, Gram with Sandiford's modification (Leaver, Evans & Corrin, 1977; Dhiraputra, Chavalittamrong & Ratanarapee, 1980 ), Twort's, periodic acidSchiff, and solochrome' cyanine was done when indicated.
Microbiology and serology
Samples for bacteriological culture were taken at necropsy from the blood, lung, liver, kidney, spleen, mesenteric lymph node, small and large intestine and plated on to blood and MaeConkey agar.
Plates were incubated for 18 h at 37°C and then examined for bacterial growth. Standard techniques were used to identify the bacteria. Biochemical tests were carried out using the API 20E identification system (Api Laboratory Products Ltd, Grafton Way, Basingstoke, Hants). Cold enrichment for isolation of Y. pseudotuberculosis was used on 2 occasions. The intestinal contents of I dead monkey (37) were placed in phosphate-buffered saline (PBS) and held at 4°C for 4 weeks prior to culturing on blood and MacConkey agar. On the second occasion, rectal swab specimens were taken from 27 of 29 surviving animals 78-80 days after the last monkey had died and placed in nutrient broth and held at 4°C for 8 weeks prior to culturing. For confirmation of identity isolates were sent to MRC Laboratory Animals Centre, Carshalton, Surrey, and to the Public Health Laboratory, Leicester Royal Infirmary, Leicester. The latter laboratory also carried out tests for serotyping and estimations of serum antibodies to Y. pseudotuberculosis.
Antibiotic sensitivity tests
Antibiotic sensitivity of Y. pseudotuberculosis was determined by disc-diffusion using antibiotic im pregnated 'Multo disks' (Oxoid Ltd., Basingstoke, Hants).
Results
History of outbreak and clinical signs
When the outbreak occurred 35 monkeys were at risk, 7 adults in one room (11) and 22 adults and 6 juveniles (under 12 months) in another (12). Deaths, which were confined to 4 cages, took place within a period of 23 days (29 November, 1981 to 21 December, 1981 . The first occurred in Room II. 3 days later a monkey died in Room 12.4 further monkeys died in Room 12 at intervals of 1 (55 -killed in extremis), 5, 8 and 5 days. Few clinical signs were observed. 5 died in the night and were found on floor grids the next day; 3 died without premonitory signs and 2 exhibited anorexia, listlessness and depression 1-2 days before death. 1 monkey was found weak and prostrate the day prior to being killed.
Yersiniosis was diagnosed in all 6 S. labiatus. This was based on the gross and microscopic pathology of the lesions found post mortem and the isolation and identification of Y. pseudotuberculosis cultured from the diseased organs. Antibiotic sensitivity tests indicated the strain isolate to be most sensitive to ampicillin (25 J.1g) and tetracycline (50 J.1g) and less sensitive to sulfamethoxazole/trimethoprim (25 J.1g) and streptomycin (25 J.1g) . Resistance was shown to compound sulphonamides (300 J.1g) and penicillin (1'5 units). (Similar results against Yersinia were obtained by Mair et al., 1970 , Bronson et al., 1972 and McClure, 1980 . 10 days after the 1st death and 1 day after the 4th the surviving tamarins in the colony received a course of antibiotic therapy with either ampicillin or amoxycillin. Despite medication 2 more monkeys succumbed to the infection and died 7 and 12 days posttreatment.
Pathology
The organs affected and lesions found at autopsy are summarized in Table 1 . Gross abnormalities, varying in degree and extent and indicative of a common aetiology, were confined to the liver, spleen, mesenteric lymph nodes and intestinal tract. The most prominent lesions were multiple, spherical, yellowish-white nodules with diameters varying from pinpoints to a few mm. They were readily seen on the surface of the liver (Fig. I ) and spleen and to a lesser extent in the mesenteric lymph nodes and intestine. The liver, spleen and mesenteric lymph nodes were occasionally enlarged. Gross lesions in the intestine, apart from the occurrence of nodules seen through the serosal surface, consisted of varying degrees of reddening and inflammation, and ulceration of the mucosa.
Microscopically, the nodules were foci of necrosis and abscess formation. The lesions varied in size from small foci of necrotizing inflammation to larger abscesses. They were often multifocal and sometimes coalesced (Fig. 2) . The necrotic centres appeared amorphous and contained nuclear debris. The foci often included single or multiple colonies of Gram-negative bacilli, and were invariably surrounded by varying numbers of neutrophil and mononuclear cells (Fig. 3) . Bacterial colonies were less readily detected in the spleen and mesenteric lymph nodes than in the liver. Impression smears of the liver and spleen showed the presence of numerous bipolar staining, Gram-negative bacteria and polymorphonuclear leukocytes. Giant cells were not seen. The formation of microabscesses, absence of giant cells, massive and moderate infiltration with neutrophils around the focal necrosis and clumps of bacteria were indicative of an acute or subacute infection. The development of well-demarcated connective tissue capsules was not observed. Greater fibroblastic activity was, however, seen in the liver, spleen and mesenteric lymph nodes after the second death. Pallisading of histiocytes with fewer neutrophils was also observed at the edge of a spleen lesion in 1 tamarin which died at the end of the outbreak. These observations indicated the development of some early reactions of a granulomatous nature (Fig. 4) . Lesions seen in both the small and large 313 intestine were characterized by small and large foci of necrosis with ulceration and erosion of the mucosa (Fig. 5) . Occasionally the lesions extended to the submucosa. There was also desquamation of the mucosal epithelium and congestion, haemorrhage and accumulations of nuclear debris in the lesions. Bacterial colonies were present in some sections of both small and large intestine. Moderate neutrophil infiltration was apparent. The small intestinal villi and large intestinal mucosa appeared to be little damaged in the last two tamarins that died.
Microbiology and serology Y. pseudotuberculosis was isolated in pure culture from all 6 diseased tamarins ( Table 1 ). The organism was recovered without difficulty from the liver and spleen, less readily from the mesenteric lymph nodes and not at all from the blood, lung, intestine or rectal swabs. In the 1st case Y. pseudotuberculosis was also isolated from the kidney. Colonies were small, translucent and non-haemolytic on blood agar and non-lactose fermenting on MacConkey agar. Microscopically the colonies consisted of Gram-negative, non acid-fast, bipolar staining coccobacilli. The isolates were differentiated from Y. enterocolitica by the absence of ornithine decarboxylase and the failure to ferment sorbitol, sucrose and amygdalin ( Table 2 ). The 2 independent laboratories confirmed the identity of the isolates and the second laboratory (Leicester) reported that the strain of Y. pseudotuberculosis belonged to serotype lIB.
3 of 27 sera taken from the remaining clinically healthy tamarins in the colony 78-80 days after the 6th and last death, were also reported by the latter laboratory to have agglutination titres of 1/20 against Y. pseudotuberculosis type II. 2 of these sera also had titres of 1/20 and the third had a titre of <I/20 against Salmonella paratyphi BO.
Discussion
Clinical signs of Yersinia infection reported in non-human primates have been anorexia, depression, lethargy, listlessness, dullness, dehydration, diarrhoea, dysentery, weakness and emaciation. Monkeys may, however, die without evidence of illness or show signs for a few hours only before death (Appleby, 1962; Mair et at., 1970; Poelma et al., 1977; Chang et al., 1980) . In this reported outbreak 2 tamarins exhibited anorexia, listlessness and depression I and 2 days prior to death, another became weak and prostrate the day before being killed, and the remaining 3 died suddenly without premonitory signs. As in cattle (Langford, 1969) (Rosenberg et al., 1980 , Buhles et al., 1981 : No increase in stillbirths and abortions were observed in our colony during the period of the outbreak.
Nodules and necrotic foci were found in the liver, spleen, mesenteric lymph nodes and small and large intestine.
Gram-negative bacterial colonies, often found at the edges of necrotic foci, were also present in these organs. These pathological findings are consistent and typical of other reports in both New and Old World monkeys (Appleby, 1962; Mair et aI., 1970; McClure etal., 1971; Bronson et al., 1972; Baggs et aI., 1976; Poelma et al., 1977 : Chang et aZ., 1980 Buhles et at., 1981) .
The severity of yersiniosis may vary between and within species and acute, subacute, or chronic forms are found (Mair, 1973; Baskin, Montali, Bush, Quan & Smith, 1977) . Our clinical and histological results suggested an acute or subacute infection. The more chronic inflammatory, tuberculoid lesion, as seen in artificially infected guineapigs, was not a feature of the disease in Saguinus Zabiatus. Thus encapsulated granulomata with fibrosis, epithelioid and giant cells were not observed, although the development of some early reactions of a granulomatous nature were observed at the end of the outbreak. Bronson et a1. (1972) and Hirai et a1. (1974) also found the necrotic foci to have little or no granulomatous component in the simian cases they studied. Apple by (1962) described 2 types of lesion in the spleen and liver. The first was a form of tuberculoid granuloma with a caseous centre surrounded by round cells, macrophages, polymorphs and an occasional distorted giant cell. The cell types were more variable and endotheloid (sic) cells less prominent than in lesions caused by Mycobacterium tuberculosis. In the second type of lesion observed in a monkey which died from a septicaemia large colonies of organisms were found scattered throughout the hepatic parenchyma causing focal necrosis but a very limited cellular reaction. As pointed out by Obwolo (1977) most reports do not mention the presence of giant cells, an observation supported by our findings.
Impression smears and samples taken for bacterial culture indicated the organism associated with the disease was a Gram-negative, bipolar staining cocco bacillus, growing as small translucent, non-haemolytic colonies on blood agar and non-lactose fermenting colonies on MacConkey agar. The organism was identified as Y. pseudotuberculosis. In the API 20E system, unlike Y. enterocolitica, the organism did not produce ornithine decarboxylase and it failed to form acid with sorbitol, sucrose and amygdalin. Also, differing from Y. enterocolitica, it did not ferment cellobiose and produce acid with aesculin, salicin and rhamnose (Leicester Laboratory report). (Rhamnose was not utilized in the API 20E system). Melibiose was not fermented in our biochemical tests which were examined after 18 hours. The Leicester laboratory, who identified the strain as belonging to serotype lIB, reported a negative result with melibiose after I day but acid production after 2 days. Thus these 2 results were consistent. Mair, Fox & ThaI (1979) , pointing out that melibiose fermentation by Y. pseudotuberculosis is generally regarded as uniformly positive, showed that 37 type III strains failed to attack melibiose even after 21 days incubation at 30°and 37°C, whereas strains belonging to the other 5 serotypes fermented melibiose at both temperatures in 24-48 h.
Of the 6 known serotypes the majority of animal strains belong to serological type I and this is the type found most frequently in man (Mair, 1965; . Mair (1965) reported that of 177 strains isolated from 13 species of mammals and 26 species of birds in Great Britain during the period [1961] [1962] [1963] [1964] only 3 belonged to serotype lIB and these were found in a chinchilla, swallow and wren. Of the 17 strains serologically classified from monkeys II were type IA and 3 were type IB and lIA. We can find no reference to the isolation of serotype lIB from monkeys in the United Kingdom. It is therefore possible that not only is this the first recorded outbreak of yersiniosis in S. labiatus but also the first isolation of serotype IlB from any species of monkey in the United Kingdom.
Y. pseudotuberculosis was isolated from all the livers,S out of 6 spleens and 2 out of 4 mesen-317 teric lymph nodes. The organism was not isolated from the intestine although it was noted that bacterial colonies were observed in the intestines of only 3 of the 6 monkeys. Also, lesions and bacterial colonies were not detected in the I monkey in which cold enrichment was used during the outbreak. Nevertheless, had this method been used on more than I occasion positive results might have been obtained, since it is known that Yersinia can be isolated more easily from the intestine by cold enrichment (Patterson & Cook, 1963; Eiss, 1975; Greenwood, Flanigan, Pickett & Martin, 1975; Kohl, 1978; McClure, 1980) . Successful isolation of Yersinia from the intestines of monkeys has been reported by Bronson et ai. (1972) , Otsuki, Tsubokura & Itagaki (1973) , Maruyama (1973) , Hirai et al. (1974) , Baggs et al. (1976) , Chang et al. (1980) , Rosenberg et al. (1980) and Buhles et al. (1981) .
In et al. (1981) found 3% of clinically healthy monkeys with significant antibody titres to be shedding Y. pseudotuberculosis 4-6 months after the start of the epizootic. In the present study the organism was not cultured from rectal swabs taken from 27 of 29 surviving healthy monkeys 78-80 days after the last monkey had died. These negative results cannot therefore give support to our serological findings, which might possibly indicate that more than 6 monkeys in the colony became infected.
Many workers have reported outbreaks of yersiniosis occurring during the winter (Mair, 1973; Obwolo, 1976) . This characteristic was noted in present outbreak when monkeys died during November and December. The stress of cold and starvation, thought often to have precipitated the disease in animals caged outside in other outbreaks, could not have been a factor here since the monkeys were kept indoors in a constant environment with continuous access to food and water. Faecaloral transmission is the mode of dissemination of the disease. The source of infection in the present outbreak is open to speculation and the epizootiology is unclear. Most reported outbreaks of yersiniosis have occurred in laboratory animal colonies and zoos and wild birds or rodents, who do not develop disease and show clinical signs, have been shown or suspected of introducing .the pathogen (Appleby, 1962; Mair, 1973; Baskin et al., 1977; Buhles et al., 1981) . There is no evidence that feral animals had access to the food store or the 2 rooms in which the colony was housed. A more likely explanation is previous contamination of the primate pellets prior to entry into the building, or ingestion by the tamarins of contaminated fruit or vegetables, e.g. lettuce, carrots. Y. pseudotuberculosis is well known to cause epizootics in guinea pigs and repeated re-introduction of the disease has been shown to be due to the feeding of greenfood contaminated with the excreta of wood pigeons (Patterson & Cook, 1963) . No other species of primate in the building, and in other buildings on site, were either given the mixed salad or died of the disease. Contamination of a batch of fruit and vegetables could have taken place, especially if washing had not been sufficiently thorough. Alternatively, the disease could have been introduced by a healthy carrier. Tamarin 66 was the first to die and was one of 9 monkeys which had entered the colony from Aberystwyth 7 months previously. It is unlikely that the disease originated from Aberystwyth, since enquiry revealed no history of yersiniosis in their colony. Tamarin 66 had previously been purchased from Banham Zoo in July 1979. Although the duration of the carrier state is not known it is thought improbable that the monkey had remained a carrier since 1979. That the second monkey to die in the outbreak died only 3 days after the first and in a different room, gives further support to the unlikelihood that Y. pseudotuberculosis was introduced into the colony by tamarin 66 acting as a healthy carrier. There appeared to be no obvious pattern of cage to cage transmission. Bronson et al. (1972) Antibiotic treatment given to all monkeys 10 days after the beginning of the outbreak failed to prevent the last 2 deaths 7 and 12 days post-treatment. Apparently the disease had progressed too far for medication to be fully effective, although their lives may have been prolonged since Y. pseudotuberculosis was less readily cultured from the mesenteric lymph nodes and spleens. The comparatively longer time before death could also have been due to a later contraction of infection from contaminated cages through faecal-oral transmission by cage-mates. Experimental evidence, however, suggests that all the monkeys may have contracted the infection at the same time. Less gastrointestinal involvement and histopathological change in the intestine is seen in guineapigs and monkeys dying or sacrificed between the 10th and 20th days of oral infection than earlier (Maruyama, 1973; Obwolo, 1977) . Our first 4 deaths occurred within a period of 10 days and both intestinal and other visceral damage was noticed, whereas the last 2 animals to die, died 17 and 22 days after the first death, and in these monkeys bacterial colonies and lesions in the intestine were not observed. These findings lead us to believe that the 2 later tamarin deaths are indicative of the duration of the disease process (antibiotic therapy probably playing a role), and not to a later infection from cagemates. Early reactions of a granulomatous nature found in the spleen of the last monkey to die is also further evidence of the resistance of the monkey, duration of the infection, and the development of delayed hypersensitivity (see Bronson et al., 1972) .
All personnel working with the tamarins were warned that Y. pseudotuberculosis is a zoonotic disease. Extra hygienic precautions were taken to prevent cage to cage and monkey to man transmission. To date, 14 months after the first death, no new cases have arisen. (G)
